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ABSTRACT 

In tfm pr«t«nt ii 02 !ic, a dotlgn nathodology for cfaai^ii^ 
mtk <3«p«rtdant emn for singlt splndi* autoiiiatio fnachinat hat 
bt#n dflfrtlopad* An Intaractivt graphic aoftwar# has b««n 
davalopad and inplamentady with th® programs wrlttan in 
Fortran 7? languag®* 

Th® paekag® ®ss®ntlally tat®® th® Input in the fora ®f 

/ 

maehln® d®p«nd®nt data and th® wos^ d®p®nd®nt data* Th® 
tnaehln® d«p®nd®nt data r®f®ra to th® typ® of th® cam modulat«d 
linleag® ua®d for driving th® tool slid® and th® work dopandant 
data dapanda basiealiy upon th® gaomatxie doaoilptiona of th® 
workploe® and th® typ® of oparationa parfomnod an th® aan®* 

Th® package ineorporatea th® motion cuxvcc aa p«r th® uoivorwil 
•yat«n of cam caleulationa* Th® method adopted for getting th® 
aetuil motion paramatar® contidarabiy aavas th® eonputaUon and 
th® compariiaii timaa* During folding of tho data« th® packag® 
provld®® all poaaibl® uaar»fxiandly IntoraeUona* Th® iitp®m«> 
tint diaplaya lik®» th® caai pxofil®, th® input matien etirv® 
piQta» th® output paxamatar vaxiationa ate* ax® naatly px®»aii*> 
t«d t® th® ua®r* Th® packag® accopt® xaatslftian® an pv®®®uf® 
•ngl® and radiiia of cuxvatttx® vtlu®® «id daaigna th® 

mm- 1® th® ii®®®«^ty «f th® ila®»t optional diaplaya, patth* 
iNiiig t® th® aiitt®® path, far a cpadflad fiftt®r mdlai hut 
picaaMi® «ifl®t Haemal v®®t®r aai fast® v®«tar m any i^nt ®f 
th® mm pstHi® mm *1®® h® «htiiii®i naliii th® pathag a i Th® 


display of th« main oam pxoflia it tixletly as per tha oonvsfw 
tions followad in the Industries. 

The ctm profile synthesis and radius of curvature 
evaluationiS are made using screw theoretic approach and dlff* 
erential geometry respectively* The results thus obtained, axe 
highly accurate from the manufacturing vlew^ints also* 

Results are presented for typical workpieces produced 
on single spindle automats and are analysed. In the presently 
developed work, the scope for further research has also been 
suggestsd along with the conclusions. 

The software details and othsr nscessary infoxmatione 
about the package are discussed and presented in s nest foxm* 

The package has partial self documentation features like 
meaningful symbols and components at suitable points. In all, 
the graphical diaplays, meaningful colour matching is done* 

Far graphic displays, the Tsktronix 4109 and 4107 colour 
graphics tesminals are used and the parage has bsen implamented 
on Horsk Dais (Norway)* a a 32M»bit SupexuidLni Computar. 
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INTRODUCTION 

In an Autonatln naaliiiit ail mMng aii<l handling 
opmtioni ax« in a dnfiaita aaquanaa by tba ai#aii«» 

anieai aontsai ayat«a« iitiiali aanpfiaa of anaa^ foartt iii^aaot 
and ottiav tftHitKlatiOtt olanifita* For ail naohlna oporationa 
tho aajor ranalraiaintt art pxtalit poaitioning^ along with 
fairly gaod phaao aynaiuoniiatioii* To nott thoao aatpiiaatod 
rtttti r a t o n to and to off or fioalbiiity in tno aoiootiott of 
toxicing ptzioda» difolia and in gotting a apaeifio typo of 
ottpnt nation eana art tiio oxoaiiant olioiooa* Tho piato 
aana art tlia nain aantxoiUng aiananti in bxinging op a 
dafiiiita toxkpiaao in aii aingit apindla Autanata* 

Plata aaaa art of ana plaao doaign aniiko dzwi aana« 
and art taad aanpaxatitaiy far abart taavoi* In tingia 
ipladio avtanata tbo toola art atarad in a itxrat and in a 
nanbar of txaaa aiidaa and art put to apoxatian aagiiantialiy* 
Hit pxtaiaian of tiw noxliiiioao pxodtaad an any aan aantioiiad 
antonatla ia iaxgaly d a pand ant in»an tbo aaatxaay adtii nMaii 
tiw aan pxtflla hm hmm doaignad and tat* H* daaipiiiff 
•manat aant« tut aaaantial inpala mil ba in tlm fana of tba 
typa if aanpmwit to ba tba bind of tanla ta ba 
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utedt and th« typa af aan iiadtiJlatad lirtkafa* Tha tm 

aanatlttita baaieally tht dapaadant input data and tha 
iaat <»ia tita naahina dapandant oa tha ia»s!ic Indm^acidant ii^ut 
data far daalgpiing plata eaiat far ail ain^id aplfidla auta« 
natlea* 

<•3 w»«* Pwxndwt Wtehliw PinKteit lUButtlwa Pitwwttw 

Tha praaiaian and aaturaay af tha aaaic pxaduaad an a 
ean aantfallad autaiaat dapaada ta a 9 raat axtant upan haw 
intailivantiy tha tin iayiut ahaat haa haan waxfcad aut* A 
aaa layaut aaxk ahaat aaaantlaiiy piadueat tha naaaaaary wart 
dapandant input ta daaitn tha ama af aii au^atia naatiiiiaa* 
Hanaa a hriaf praaantattaii af tha natmea and prapavtiian 
dataiia af a tan iayaut ahaat faiiawa* 

Cn Uwat thft wm lit pttBiMtin 

A tan iayaut wasliahaat aanaiata af a taai iiyaut and 
an apaaatian waitaliaat* A taai iayaut aantaina ahatahaa af 
tha wait in tha aariaua ata^a af naat^nliig apatatian by 
apaaatiatt aiananta* Tha aidar af tha iadlaiduai apaiatiaiia 
ia ahatan in auali a aMumar that tha aainNwant ia fuUy naali<» 
inad wiiiip tha aaidliahia turrat atatiana and aaaaa aiidaa* 
in aidar ta idiiAntaa tlia ayaia tina aamwi taata hart ta Ini 
mt4 nAm mittl*taal haldattf wha a a aat paaaildla* Alaa tha 
aanatappAaf' ap aaa tians haaa ta ha thaa g ht aft# fat aat aniy 
aldtiditni tdia tlwi hat ataa fat hatlaa ItidlaMMif apaaatiana* 
fanatgaia It wmf h ai t at aa ntla l ta aid ta tha lialdlty at 
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th« wozicpite* udili* tittnmst* etittlng optnttion 

t «xo«t tUc!#^ 9»g»t whll* thrvttd zoiUfts « ese^tt 
•lid*, ]>«rfo]»iii 9 • dxilling o}»*x«tioii tlntiliaiitftutiy, will 
•dd t» th# xigidity &t th» «fDxlE|)lt««* In tittmtlont, in 
oxdnr t* gounttslitlsn** cutting lnz««t *v«rl«p|iiii9 of t)i» 
9p#riti«ni «x* d*n«« 

Afttir thofnugh •*ntid*x«ti*iit lik« th* ftb*v« *n«t, 
th« tooi will b* 0.tmm with th« appsoxiaat* «xtraa* 

potitiofit of ill* tlid**. Appendix I thowt • typiaal taoling 
layaiit utad fax aanufattating af « bxatt vaiira taai an an 
•ataaatia iatair aaahina* in a taal lay»tit tha axdax af tba 
nailing apaxatlafia and idia aatiana lilia faad bax atap aill. 
ba lndlaatad •laaxl.f* 

Ttean fallawi th* apaxatLana ta ba paxfaxnad fxan tha 
twmt and axasi aUdat aiiiali axa antaxad in piapax axdax an 
a pxapaxad aalaalatlan faxn« Tiiia fam la aaliad m apaxailan 
•haat* An apaxatian ahaat a)ia«w ilia abatah af ilia faxniahad 
naxkpiaaa, indiaataa tha aasfc nataxlai and ilata ail tna apaa»» 
atian alinaiitt in pxapar aaaiiaiiaa in aaaaxdanaa nitti tlia 
taaUng iayaat* It aantaina psapaxly aalaatad tatting apaada 
and faadi fax aaab taai an pax tiia maitiaatlana^ af an 
aatanat* Tba aMaa af faad^ (f) and aatlinf apaada^ (a) 

•§ VNHf Mlirairl# fWfVll# 

%aad ii tiia ta a nayax aa aax i a a n t af tlm taal in ana pax 
agyalallan af Hia aatfi apUdlav 

»af m ta tlm wndUMin ata apaad af tim 
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tfiainiy ttpon th« typ« of iioxfc siatoiioi th« mmmt 

of toxfiioo finioti rtcpiixod^ th# d«pth of cut to bo 9 tir«it» tho 
kind of tool to bo uotd ond th# onount of rlffldity tho next 
hot* Th# splndl# «o#o<i# found in oporotion th##t ax# tsmlevh* 
lotod fxoa th# xoGOSHaondod cutting spoodi (v) fox tho appxo* 
priot# woxk nfttoxiai and th# lax^ott dl«o#t#x (D) idil«h i# 
to b# tuxnod utifig th# tispio #xpx«ttion 

» v/TTd Xttp*ii* 

Thla calculatod spindlo tp#«d (n^) ia c#Kpax#d with th# 
n#ix#tt valuot of th# availabl# tpood# and than tho ••l•otioR 
of actual fcvolttUoRt acailabl# with th# xogular «h«ig# goaxi 
that OMNI noaxott to th# #ttl«at«d ntMbox ia »ad#« 

Th# %wX diitanc## >>>» ti^ulatod in th# opoxation 
•h#«t a# pox'th# 9mpmm% dxoidLiig idth tuttdbl# allowiaiic*# 
dopondiiig tip#ii th# ait# of th# attti»at« appxoaah longth mt 
th# t##i aiid.ji«faittidt of th# did# tx«v#i« 

Th# n^iit i»p#ttaiit pa»Mi«tt» # •p#x#ti#ii ah«#t d#ala^ 
ia aiiaiit loaxli apAndl# x###ititi«iia» Bmtf t#tati#ii #f th# •«» 
xaaulta in a itotkpi###* And baaawi# thla «w«#liiti«A it 9»v#»» 
nod by th# wnxl; oplitdi#, th# nwnbot #f apliidl# xaonintlaaa f#x 
##«li ifKin tion ia d#t#xnin#d, t« anM# th# «pp««|ixiat# pin* 
d«ii #f th# mm pwfii# t# b# «alad#t#d« th# total niMhtt 
Of «dwil# xionliillaiin CbEi^t) x##Mla«d f»» paodnilni «n# 
aippHiaiit it pottnad hf tli# mdiii #t ntiiMidio^tiwi #» wMiiinf 
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tim« (^)* tldle fsaifi tiiD« !• the sumRtUon of iiKHvidimi 
op«x«tl«iit ti»«t ip«ii«h in tmn i« dixnetly pxtoposrli^iiai 

t« tht indM^iMii wosic tpiitdl.* «i»««d 

ueiitg tfav*i ttsnfcnt 9t tiitli m4 

th« «nrt«ip0iidi»0 f•f(l amttt 

Tliiii til# t#tfti mitiit till# i{»ifidl# «#v#l.iitiimi 

\ - 

fl#}ii d##«xipti#n in th* op#x«tioii th##t ntlil b# 
ptrtnining to th« cUitxibntlOfi #f omi turf###* Xt it # 
pf##ti«# to «in#t#» th# difi«i«n« of tli# ewi totfa## 

in toms 0# 100th diyitiofii •» OOOth dHoitlifio* Oonotino 
«• th# nttihoY of hiiiidvidtlii f#^»#d fof naln tin# opoxntion# 
and •• that of idZ# tin# op#»itioiii« UOnalZy th# aottifio 
op ifittmtloAt of ony Aato«*t indioato tho idi# motion ti»# 
{K ^ } aoaintt vaxioita vaiuot of total opiiidl# xovolutlofio# 
With thii, tho hwadjfodtiit xo«|iil7od fo# oath «oi« ti»o ton ho 
oaoily toltulotod uoino 

*»* - (Ktot • It) • 1^/1% 

Whoso «• 100* 

Tilt Unol ft^d in tho oooiotioii #ioot it tho total oyolo 

Urn T, «• mMm# «m •» .Mh 

tiiia of umiii gml ighiMMi aw 

^0 • ^tot^^^ 



wh»£» H 


'tot 




For bottor vituallriition of tho oporotlon »b#«t Appondi* I hot 
to bo roforrod* 


..n^yyHt, 

Thoto art oooontialXy tho iMohint dopondont input for 
doti^nin? tho oimt* Tho moot oomioniy utod foliowor oon 
aoohoiiimo oro ot ohoon in Figaro 1*1a« Figaro Ulo ii « 
typiool ttOK aoihilotod Unkago oood for tarrot «nd fmnt exooo 
oUdoOf whoa^t Figaro 1*1b it out tooh asod for roar eroot 
ilidoo* In io«o ootoo in piano of goar paira rotating ««« 
pair* aro aood» Howovory in tho proaont ooxlc for tho parpoao 
of onalyaio and doaign tho Moot oonaion goor poiro hovo boon 
oonaidortd* » 


it3 g^iaiunlii. 

An Aotoamt to o progriMwiiid maohlnt tool* Tho pro#* 
raoMii OMiaioto of ootnotlofi of o oot of tooia thaongh pro#- 
r a wM i d Motion on o oyolio boaio* Tho toUL oytto ttoo (T^) ia 
tho aoM of iiiio4dlo Uao or Main tint and tho idi# tiao 

Tho Motion ooaOld ho angttlar (noik» 
piooo rotation or ittftol hood indoiiiif notion) or oonld ho 
linoor nionf ^oI Clongitinlinol no r ann a t of tnrrot atalion)* 
and in t r a no r or a o (oaoto allio novoMnt) ditotliofia* H§wm 
un limi tilt iohowtlt Bip«oo#ihitiOii ot thoa# roiotlro 
noHiii #f to#lt ani «#altfkio«o« Doiotlni tho narllofi poanaiotota 



FIG. 1-1 CAM MODULATED LINKAGES 
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hf S|« ^ th« AtiBbtx of 

moti<mt oontidonid in tho noohlno p*r oonponoitt ootpiit* A 

ds* 

laotlon pto0*«Bi d«««xib« « sttwo Sj^ Vo# tg «• w*ll ao Vi* t 
and (d^S|^/dt^) Vi* t* Ai th«i« as* dafiiilt# inpnttlfig fl«s 
poiltioiii or opofitioni or tpiiit «i doterlbod in cm iainiiit 
shoot for ooeh oompmonti th« ftitiiro taidc is to sssi^ • 
suit^io motion ptogtm to ooeh of thoto spins* whsn tho cm 
isyoot shoot is ovosviowod in this porspostiirog tho outlook 
oili ho as ihosn in Tabio f»l* 

Htneog giron tho cm shoot layout srhioh is ossontially 
work dopondsnt data along sdth tho eoiinootod saa aodulatod 
liiSesgOf whish is work indopsndontg tho ohjootiwo is to danriso 
an intoswotivo softwaro for dosignlfig plats oasis noodod for 
singto spindlo sutowstit sisohlnos* tho softwato danrolopod in 
tho proaont workg dosigna pisto ssns to a rory high dogrto of 
sstutsty and is usor frlsndly* Tho tontspi of sstow thooro* 
tig approsth [fl hss boon sdoptod for ths profilo svnthosis* 
Tho pa^sgo ortisnflos bssioally tho wtion tuxvoo of thro# 
groups of assoloration disgrsais of aiodifiod irapotoidalg )iodl«> 
fiod iittwioldal sad sinusolda]. natoro haring Infomations of 
typos It II sad lit* for aiio or fail as por milwotoal aystsa^ 


I if His itisiis vMHi starls tmm a iMtl apd erHs in 


T ^ o l l * ihs stisiis viliHi starts faw a ows 

Typs II ^is tim stisiis idltliiiit duslli and 
typ« Ilf is s iMMliMiHliM iWffs sf I and II* 

*nw MM wiMM w rt •]*«•• tf.** MtwdftlMM ta ■•«««« 

s-iEia'.«b‘s:.snsrr..s.'&a»!rcs.. 





nsverse 


Axial 


Angular 



CS-2 


FIG. 1.2 ILLUSTRATION OF RELATIVE MOTIONS IN AN 
AUTOMATIC MACHINE 


TABLE 1.1 

Simplified Work Dependent Input Data 


Operations (Type of 
Jibtion Curves) 

% 

Tool 

Travel 

Si 

Time (Cam Rotation Angle, 
at the End of Each Operation ) 







• 

S3 

• 

^3 

» 

• 

• 

• 

* 

• 

* 

V 




* N is the number of operations per workpiece. 
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df eim ecleuItttioRt [s ] and laodifi^d «9fi«taiit 6tiw««« 

f9t nodifitd <»on8t»nt v»l.d«ity eiixv«»« wlii«h am 
batiaaiiy utad foY tutting titokaa^bulidifiQ bjl««k appza««h [3] 
haa btan «dof»t«d« Thli aatiaii euxy# eanpxiaat af ayelaictaX 
ffiotian for tho tmgtmdng W atid tho tndlAf 5^ of oooli fosoord 
•troko and oonvorsa balng for tiio ndthdrawal atsokoa* 

For tho rsdiua of ouroaturt oaleulationa dlfftrontiai 
gooHotry approaoh haa haan adoptod |l3 whioh aiay bo alaljiod 
at ono of tho boot mothodo, at tho ooaloatiofio of tho aano, 
boooooo hl^y dlffleolt through o^wontiofiax ovaloation* Tho 
paokago haa boon doalgnod to amid ail kinds of oonfosl^i in 
tho osor ohiio inpottlng tho doto# Ail klndo of noooatary 
diapiavo art gloin to tha iioor aiiovdng hto at prooignifiod 
points to go bask for todoaisnliif* Tho ioportont data^ apth 
at xodiiia of opfoaturo* profit# s«diiti» ptotaoro angio and 
suttor path (for opooifiod sottor aixo) againot oan angto ax# 
optiofiaiiy dtipiayod. Tho po<dcago aioo tots at an orooiiMit 
tool in doaigning tho plat# siMi to tho spooifiod lioitatiiPiia 
of sodioa of oi^eoaturo and protaoxo anglo* Thlt also baing 
optional^ hinta out to tho oaor kbout tho ioim» whoso ootoally 
tho dotiga ia not oithlii tho opooifiod linitatioiia and loaooo 
infosMitloii aa to hifw tho oomotioii «Mi bt nodo* 

Tho tan ^apltf ia otalotly •• bof ^ nanoantiono 
lotd in aoliisatioi naohinna [4« i# f J in thlo din» 
ping tho «i«r mm mm aosaMiI ooglor* ioaoo oootor and pnootmo 
inidit onotor «t mf p^nt on tho m pooHlo* it hloo 
iontilno o htt o hot Aiploy of tho ontton pnth lot o opooifiod 
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eutttr sif«* Follmiiitg tMs min cam dlapitf the important 
plots of input paxamatort i«t#| ditplacamanty voloeity and 
acoalaxttlon against cam angla is scraanady with thaix raspaa* 
tiva na^itudas indieatad optionally# Final display is about 
tha output paxamataxa i*a«« xadius of ouiaatuxa, paeassuxa 
angla* prafila radius and oontact point angla (with raftxanta 
to asm carrying xollar) In tha mannar as of tha praaioua 
plots with tha sbova faatuxas tha prasant wait moats tha 
raispilrtRantt, which paxmlta tha waxh dapandant plat# can 
daaign for automatic machinas aaeurataly# quickly and aconaw 
adtilly* At tldLa was tha axlsting naad for tha praasnt day 
Induttxiaa with aufficiantly goad aamputing and graphita faai«» 
litiaa wall within tha raaah| tha prataiit wash has btan tidcsn 
«!»• Anathar motivating factor for aiming at thla task is ta 
taka a oiap tawaida CAM (oomputar Aidad Manufacturing) la the 
faat daaclaping madezn industxica* 

In Chapter 2 dasiyatiaiis rdatliii to the eontaet 
ecndltieii, cm profile datciminatlaa* praecurc angle and 
radiue af euxyatuxa have becii deelt« with raepaet ta a epaei« 
lied imHit aeealaxatien« valoeity» dieplaement af teal 
•tatiiiie md teii mndiilated Mnltag# ucad* It alea aantaifii a 
brief daecflptiaii sdmwit tha notiem emfte mead In develmdliif 
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Chaptor 3 giv«« a clear flow picture of th« package 
through a dotailod flow chart and aigoxithma for aome iaipN^r- 
taut modulea* Following thla there it a brief note about 
the interactive featurea embodied in the package* 

In Chapter the reaulta have been analyced and 
discucetd for aome typical txi^ples of woxkpiocee which are 
manufactured on cingle spindle automata* 

In the final chaptert the scope for further work 
ar«sU corvclusiOT\s‘ stce presented,. 

The presentation contains three appendices* The 
Appendix I gives a typical examplt of a cam layout sheet C9]» 
which has an operation worie sheet and a tool layout* The 
Appendix XI gives the listing of motion eurvos used in tho 
package* The Appendix III tells about the principle of 
curvature from the perspective of dlffaxontlal gaemetry used 
for the oraaeitt work* 



CHAPTER 2 


DESIGN PfKJCEDURE 

OantidtiTf initialty th* nm lit^agr* tf»«d 

for th« turxot «n<S front orost olidot ivith all tho coordlnato 

«)toi Idontifiod «• shown In ths Figuro 2«t« tot S^(X^, Z^) 

bo tho ooordlnstos attsehod to tho oara and S (X » Y , Z ) bo 

2 2 2 2 

that of tho osoiilating axm oaxrylng tho zollor* Lot 0^ bo 
tho oan rotation angloy^^ anglOf tho foilowor 

sailor rsdiuOy d tho follewor asm longth and 0^ tho initial 
asw anglo* 

SjOC,. Yj, Zj) la a ooordlhato ays tom flxod at 0^* 

With S(X|, Vt.Z) as tho global eoosdlnato systint tho rotating 
oooxdlnatoo Z^) and Y^, Z^) aro locatod* 

Lot a| and b^ aro tho dlatanooa from tho am hlngo ^S* ^2^ 

and tan aids 0(X4> Y4, Z^) along X and Y diroetlons rospooti* 
voly* Oonsldor S as tho posltlvo Inersmsntal displaosnont of 
tho tool slido towards tho wort appsoashlng dixottloii and 
bo tho dlotonoo of tho tool slid# frow tho oaw aido* 

l^r a opsolfiod awigiilor voloslty of tho «aw« 

illdo dliolatonont S, sUdo solositr V, tho sm anfio tan bo 

IPBiPJb* iPlPlilPiPI 

S • (%! • ^ ^8#^ 


( 2 * 1 ) 
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and am angular vaioaity « **^2^***^4 

^2 - W-Hp S* • <2.3) 

whatt S* » ds/d0^t ia nothing but tha alida valocity V* 

Piguaa 2.2 glvaa a olaar platuaa of tha ayataia of ooordlnataa 
and xaiativa movaianta. 

Lat tha aan zutata with a ^fozm valooltyco^. and 
latxi24 tha tailfom angular valaoity of tha foXlowar. 

Than it ean ba wxittan 


-^S4 “ *h 


(2*4) 


Danoting tha aantaat point dlraation^ maaaurad fiaa tha aan 
aa in tha a«a«w.^ diiaatlon aa ahovai in Figura 2«2« Tha 
radiua vaatar at any paint P an tha fallawar aurfaaa axpraaaad 
in tha fixad aaardlnata ayataai ia gltriai by 

a^ 4 d aaalg v^9i02 * 

b^ 4 d aiid^jji 4 rj^ain(|f|2i 4 (2.3) 

0 


(p^) 


w 


3 *t«f 

Aa par aantaat aanditiaii cxiterien [i] -fit ^ 
la a aalatiwa aalaaity aattar batnaan tha am and faHmav 

iRi4^aMiir iHMm m^PIr UPVK 


(4S> 


^^aaavitaa' ndbNihmiiaab 
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n • » 0 


(2«6) 


i9h«z« n it a toiMBtii ntxnti it tht tuxfatat* 

Th# fai«U¥t v*io«ity wtair «t tht point P it 

nothinf Inti 

V<«) . (2.7) 




(PJ 


whort V ^ it tho vtlocity doctor of th« point P on tho caw 
(p_) 

tnrfaco and V * bolng th# velocity vector of P on th# 


*4 

^4 

0 


foi lower anrfae# 


fwm icpMitiaii iM) t ^ 


(Pm) 


Tho velocity vector V ^ can then be written le 


(P.) 


LO 


CPJ 


* X 


V ^ m 


I j 

0 0 

*4 ^4 

- >4y4 

+ <^4*4 


m 

0. 




1^ m 4 4 4§4iljl 4 (teiClIji 4 Sji) 

I5l • li| ♦ 4 $iM0g 4 4iiiC|l|i 4 #g} 


(s*d} 


(2*9) 
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si^iarly th# valoeity ir«et»r at th# eonta«tiii0 paint P an 
th# foilawasr turf act it givm by 


V 


(p-,) 




whtxt 


fit 


( 0 ,) 

r » 


U»ing Hquiti<M)S C2*4) and (2.5) 

i 
0 
* 


i • t# 0 




(pj) 


• CO 


1 


(pj 

y ^ 


t/0 


i 

0 


0 




whts* 


y| •» d tifMi^ ^ iind^ ^ ^2^ 


(2#f1) 


(2.12) 


(2.1») 


Tbt •Mntfi iitsnai n btlMtcn th* tan and tiit aitrfaat 

ia #v«i hif 


« 


m 




4 Ij) ' 
4 l||) 

# 


(t#l4) 
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Now, ueln? th* vxprooti^ii «f velocity (2*7), w# f#t 


v<*« . 


A« 0^ *60^ 


- ^4 h 

^4 *4 *" ^2^4 *f 
0 



«* CO. 


- 74 + 0 ^ 7 ^ 

*4 -^2*1 
0 


(2*15) 


Now applying condition of contact, i»t» Hguation C2»&)^ 
Wf got tho oxprocalon 


eoaCdj ♦ <*2^^** ^4 "*■ ^2^1^ **■ *^**^^2 02^^*4 ^2*1^ ** ^ 

(2.16) 

Now this ocfUitioR haa to bt oolvod to got an •xproaaion for 
«2 which la tho contact point dlroctlon moaauiod from tho 
pooitiwo )tj 2 «^xla in c.c«w* dlroctiong aa ahown in Figure 2*2» 
Subftltuting tho Hgiiatlona (2*10) and (2.13) in (2*16)« 

wo fot« 

(dj - 1) »,[C0J S (»2 C^dj 4 C^, OBg 3 * 2 ] + 

(1 - dj ) *•#[*‘^2 cdj »»2 + cd , ®^a * 

(1 . di) »,[o^2 ®®2 *2 • ®*a °*s *^2] * 

<1 - dj) .^[cd, sdg 0^, - 8^2 cd, »j] 4 

*•2 *^2 *1 =i »8 ♦ * > • * 

> a*,((*, Qd, * d Id, Cd, * d id, •> d Cd, W,)) 

• ^(d ei|| • d 4 ^ ed,} • • 
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It i« to bo notod that for th# of eonvoni«rte« ain(«r 9 iiit«nt) 
and eof(ar 9 un<mt) ara abbraviatad as sCargiaiafit) and cCar^teiant) 
raapaotivaly* 

Aftor ai»pllfieatlon, tha abova aquation raducat to 
S0^ ♦ a^ C0^ + d) • 0'^ d}. S«2 ^ (b^ CjUj • a^ ® 

(2*17) 

This aquation can be written as, 

whara 

c w (b| SjJg + a^ C0JJ + d) •• d 

(2*18) 

and F 1 (b, - a^ Sjl^} 

Hanaa from tha aquation of contact condition (S* 17 ) tha contact 
point diraotiiin 8 ^ la obtained md is aquai to 

* tan*^(F/H) (2.19) 

Ones this anqia it dataiaiinad tha earn proflla dataxmlnation 
btoontt vary aisipia* 




After fenowinq contact point dixaction o^* aqtiatieo 
for can turf act in s(x, Y, t) cooidlnata aysta® it flvoo 
by 



■j" 


( 2 * 90 ) 


lilioro ill^^ it tlio oqiiitloii of ^ aodioi vottor of tlit oiiitaot 

m 

po&at la Hio flioi oioiiftitito oyotia mi4 it qloift by 
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d Cffg + <^(02 + ^2^ 

d S0^ + 4 #g) 

0 

f 


(2«2I) 


an<t ^20 «o©JCdinat« trenifosstatloii aatxix fwm tystiia 
'^2* ^ tyatae S<X, Y, 2) and i« giirtn by 


0J?4 S0^ 0 (a^ -I. S0^} 

C0^ 0 <«a^ 

0 0 1 0 

0 0 0 1 


(2«2S) 


Subatltutino th« Ec(U«tlant (2«S1) and (2«22) in Equation (2«S0), 


wo got tho oan proflio aquation 

X 


oi 


o<P) _ 
*'4 " 


,(P) 


y 

0 

1 


^a^ ♦ d C02 + O{02 ^2^^ ^^4 

+ |b^ + d 31^2 + S(«2 + ^2>} 

* + d dg 4 cClg 4 

4 4 d Sllg 4 Xg ^2^^" ^4 


0 

I 


C2#23) 


FxottMxt iMflo i^aaliifttioii li ooty Impoirtaiit in 
timtn mmSmiSimm •• it i$ m ixOm iat iMMit and antioii tiMfit* 
■Antloiat Ttt mmmm imiif Mr- n nontatt it 
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dtfintd «« th« tubitndtd b«tw««n th« dixvetlon of appliod 

foset on tho dzivon marabtr and tho dizootion of th* volooity 
vootor at tho eontact point on tho driving laoriJor Honco 

tho dlrootion of tho appliod foroo it aiong tho tndt ooaiM^n 
nozmai vootor n* Than tho pztaauro angioH' io found by uolng 

V/v 


oqitationa of tho unit normal ^(2*14) and tho imit voioclty 

(2.13) 


vootor at point of contact P on tho follovior oiizfaoo V 

•-1, 

m eof ‘(n . V ^ ) 


eo§'^^{(d 4 rj - 2d 


(2.24) 

(2.25) 


2*2 Cuxvatpxo %iaXYfti. 

(p) 

Tho paxamotox of tho earn auxfaco Rj| ia tho can 
rotation anglt 

Wo hiivo alroady tho unit nozmal vootox at tho point 
of contact on tho folXowor auxfaeo aa 


n • 

>m/V 


C <«2 4 0 ^) 

0 

1 


Tho wit nonwil o]| on tho cm awrfaoo io givan by 



["ai] 'S- 


(2.26) 


ulitfc it tho iinplo witatloiial taonafoinatiOB mtiAn txm» 
•gCx^ V ^ ^ 
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C04 

S04 

0 

0 

S04 

C04 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 


H«nc», the Equation (2*27) becomes. 


A 

®4 


0 ( 9 ^ 02 ** ^ 4 ^ 

^^®2 ^2 *** ^4^ 

0 

1 


(2.27) 


( 2 . 28 ) 


Now from the concepts of differential geometry (Appendix III) 
the principal curvature for the cam surface is given by 



N 

G 


where 


N 

G 






where 




(2.29) 


{2.30a) 

(2.30b) 


(2.31) 


We have expression of the normal mit vector on the cam 
surface at point P as 

G 04 C(02 4 ©g) 4 S0^ S(92 + 02^ 

S04 ^ 0st^ "*■ ^4 0^^ 

Q 

t 
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On diff»r«n tilting partially «dth raspaet ta tha •xpratainn 



<1 *» } C(»j, ^2 * ^4^ 

0 

1 


C2»32) 


Sladlarly in parllally diffaxanttatlfig l*a** th* E<|ua- 
tlon (2*23) nlth raspaci to j5^# tha following itapa occur. 
Expanding tha icfuaiion (2$ 33) «d raws! ting* 


R^P> - 

R 4 


4 dC02 4 r^2^2 * ^^2®®2^^ ^^4 

4 Cb, + ds02 4 r^(sg^c3l2 + c®2.si*2>3 

+ [b, + <IS0J ♦ »,(S9j^C0j ♦ OB^Sdj)] OX^ 

0 

I 

C2«33) 


How yaartially diffarantiatlng with xatpaoi to I 4 yioida 



« 0 |SJl 4 4 i»|Ci 4 * ^4^ 

4 r|Cs(V^2*^4^*^^i*^P S«l2+f2*M 

• 4 b|S0^ •• (t » ^^^2 * ^4^ 

4 r|C* C(i>24l2*M 

d 


I 

mmm •! • ••< 4i • 


Ct*»i) 

(t*S&) 
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tttt 


and 


X,, ■ |l - (S', + 0<^)^ S(»JJ + 02 + l>4> 


Than Ecpations {2.*2i2.) and C^"S4-} boeoma 


A 

*. 


^ 40 . 


*4 




f ' *« 


*t S04 4 C04 4 02^d S(0g • 0^) 4 

0pd C(0j - 0^) + 3f^ • 


*1 C 04 - S 04 *. (1 


0 


^4 


Now ttia Hcijiiation ( 2 « 30 a) for N b««o»oa 

<*► M m a^(^04l • **■ ^4 ) **" ^|^®04 ** ^4 ^a* ^ 

4 4 4 4 

(! • Ipd ^C (02 -* 04 ) * S (02 •* 04 ) 5 ^ 4 *^ • 

r^j4Yy (2.34) 


( ^4 X 4 J 4 C0^ Y^j) • (4J 4 0j| • I ) CC^g 4 0^} 

^4 ^4 ^4 *•! • H ♦ ♦ H> 


vfhaf* 
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0 ( 0 ^ - • ^*^2 + 0^ - t ) C »2 

and X®, + y®, - (8’ + »• - 1 f 

Baele tubstlttitlii? thaaa «x{>r«t$i9nt in (2# 36) Hcjuation, «jq»r*<a 
etion for N baeoaiet 


H m 


®40, 


. n 


ip) 

404 


+ 02 •*" t ) ^2^ ^ ^ 2 ^ + (l ** 02 ^* 5 ^ ^2 

- 3^®2 


+ 02 ** ^ ^ 


(2*3T) 


Now taking tho oxprostlon C?«30b)« i*«»» 


iP) 

^4 


Q * Ri:,' * R 


(P) 

•404 


the ovaluatlon eontinuos a» foliowt, 

"40^ • ”40^ " - <•2^^'** + *>?°“‘'4 * 

”4 ”4 4 4 

tjs^04 - 2a^b^C04S04 + b^®04 + a|c^04 + 

2a^b;|S04C04 + 2(1 - 0pd jb|S(0g - 04)004 • 

•,S(02 - 04)S04 + b^C(02 - 04)S04 + 

« 2r^{t • 0pd ^ S(02 • 04)5^*^ * Oi02 •• 
Am> tliiiillfltailan* ih» •#»tl4ii mim^§ ^ 
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Q m (t • + 2(1 Uj)a(b^S02 

- r|(aj + 0^ • 1 • 2sp^<©», + 0J - I ) [a|C(©2 4 0 ^) 

4 b^S(©g 4 0^) 4 (1 » 0^)a C© r^(©J •*■ 

which e«i b* swwxlttm ««» 

Q w - 2r^ . N (2*38) 


whcrt 

K55 - (1 - U^}V + + b® + 2(1 - #yd(b,S|2 

+ b^CKg) - r®(«J + - 1)® (2.*>) 


Hcncw pxtneipai curvature becontti 



' ••' ' • "fi 


(2*40> 


^9 th# ratiiut of ouxvaturo of tho cam surface along 0^ line# 
ie nothing but the reciprooai of principal curvature 

Radius ef curvature f » • 2r^ (2*41) 


The expresslen for ©J used for the derivation ef the radius #f 
curvature is given below* 

Rewriting the iguation (2*19) ef ©g, the contact angle 

©2 • t4MI*^(P/R) 

i*e*t 

©2 w tteT^ ■( (b|Q02 •|^2)/^h|S|l24 a|Q|l24 d« 

Hm ^ •» Ip* w !|p* tuT^CF/i) 


27 



wh«r» 

(F/H) m 

Tht n«m#x«t0r in the of the above equation reduces to 





0ld(b^O0^ - a^S^g) (2.43) 


After all stdostitutlonsi the final expression for becomes, 
JIL(0' - 1)<l(b,S^,+ a.COJ- W(a®+ b?)+ 0"d{b,O»),- a.S#-) 


(2.44) 


Where, 


05 - ^(02) 

004 


Suttstitutinq the equation for 02 ^*** ^^0^) 

^2 • rqpi'"i^j7 • iriis: 




(2»4») 


where A is the seoelerstion of the tool slidst 

So far Ute equations derived for profile oooxdinstes^ 
pressure angle end radius of eurveture have been referred to 
the tin neduleted linbagt used fer turret heed end front esoti 


In elder to sielie thsn ^plieia>le let rear ecoes elide 
•m eedelited lieieew, sheen in Figure 2«3, eliglit nedifiee* 
tiene here te Iw appliiii* They ere •• Idllewei 




FIG. 2.3 SCHEMATIC DIAGRAM OF REAR SLIDE CAM MODULATED 
LINKAGE WITH SYMBOLS 
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In this esm motfulatsd linkage the initial angle of the 
aim is oaleulated by the expression 

020 ^ tan*^| ^**2 * * *1^1 *** angle 

(2*46) 

This resetting angle can be set in the follower to suit the 
need* 

Once the lengths a^, a^, and bg are knowg the 
lengths of the links carrying the gear sectors e^ and f^ for a 
given ratio (of length f<j to the sum of the lengths e^ and f^) 
are determined using simple geometry as follows. "Je have* 

Hatio « 4^/{e^ "*■ f^) (2*47) 

where (e^ 4 f^) can easily be caleulated by the expression 

e^ 4 f^ • Qbg •• b^ )^ + ^*2 "* (2*48) 

For the purpose of malntsining almost all symbols as in the 
first cat# of tha turret and front oxosi slide cam modulatad 
linkago* the naming of the link snd other lengths have bosn 
chosan in this oatei which is vary clear from the Figure 2*3# 
The expression for instsntansous an «igla is 

>2 - 

Also 

MNi 




(S*4*) 




(9.M> 








<9»St} 
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s, V and A ar# dlsplaeamant, valoeity and aecaiaratlon 
of tho raar ezoaa sUda* 

Bxinging th# abova modlflftationa* all athav aquationa 
for tha eontaat aondltion, piofila calculationt, prasauta angle 
ealeulationp euxaatura eaXaulationa hold good with tha avndsola 
at pxasantad in tha flrat caaa of turrat or front alida cam# 



To product a right cam proflla» tha location of tha 
nillUng euttar or of tha grinding vdiaal should ba known* tat 
ba tha radius of tha euttar, than to find tha euttar coosv 
dinatas (r^# Y^) or tha euttar path anvalapa Conaidar, 

tha unit normal vaator to tha earn surfaca givan by Hquation 
(2*2B) and tha earn profila Hquatiem (2«23)« Than, 


+ (2.52) 

C 4 C 4 

By aubftituting tha corraspanding arprattiani of and a^ 
tha euttar aaardlnata is datanslnad, l*a», Hquation (2*31) 


can lisa ba srtittan at 


*a 

X 


Yt 

• m ■ 

Y 

S{#Q ^ 0^ ^ 0^) 

4 Sf dt * 

0 

0 

1 0 

1 

« 

1 


(2«b3> 



mmm •m nm iipstmat 

irnm MtaUaiir dMMdUNi Hm mUm •# tb» ttal dmliit 
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wQxking and idl# atxokaa* Hapanding upon th» op»3tation t® b« 
parfojcnjod on th# woxlcpiaeo, a tpaolfio pattasn of isotioR pam* 
motors orproasod against tiiiaot to bo doidldod* Tho motion 
paittmotoro aro nothing but tho displagomont, voloelty and 
aeooioration of tho followor dsivon tool atation* Each sot 
of thoso lAotlovi cuivos ar# genoxally dosgalbod in a motion 
program to carry out tho opo ration of dosirod nature* 

On# of th© main rtqui reman ts for tho design and manu- 
faeture of oama for automatic machines is to process a sot of 
motion euzvot from which any eompXox aecolo3^ation pattom can 
bo obtainod by uoing 'building block' approach or by sLmplo 
augmontatlon of olomontary and ostontial txigonamotric and 

ro 

modifiod trig<j[motxlc currea* 

In tho protont work* for tho most comaonly uood 
cutting oporatlono such as turning, throad cutting otc*, tho 
modifiod constant voloclty cuxyoi havo bomu dovolopod* For 
tho roit of tho oporotlons such as forming, indoxing, parting 
ot««, modiflsd trapotoidsl eurvos, modifiod sinusoidal, and 
sinusoidal owivot havo boon swployod. Tho Appondix III 
eontalna, tho plots of all thoss eurvos and tho oquations far 
tho oorzospondlng ti as motions, Tho motisii eurvos, othor thm 
modifiod oonstmat voloaty euxvos, havo boon dorivod koopinf 
'univorsol* syatsm of earn salotilatioiis for automatic machinoo 

•• por wtmmm C^l* 

Tlio midlllid voloclty sarvo dovolopod in tivi 

piOMAt mm to • iitfhiniittoii of oyiloidit and owiotant v^o* 
•Itf gmovois iit iHNi liotPt itddkt* aoAflod 
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constant vsloclty riss nKjtlon, first 10% of the total slide 
travel Is the rising cycloidal velocity ciotioit* followed by 
the newt 85% of the total stxoiEef an onifoaa velocity notion 
and the remaining 5% of the stroke is a falling cycloidal 
velocity motion* Similarly the modified constant velocity 
fall {.^'CVF) curve contains the combination in the reverse 
order. 

The remaining category of motion curves have been 
developed^ under three basic types of movements named as. 

Type I, Type II and Type III 

Type I » refers to a motion having a strokes starting frcm 
a dwell and mnding in a dwell* 

Type 11 -* has the forward stroks followed by the return 
•txokei vdiieh in turn it followed by the next 
forward stroke^ hencti without any dwell. 

Type III » has the forward stroke starting 

freai a dwellt followed by a return stroke without 
any dwell in between than end at the end* Tide 
is • oombination of Type I and Type IX. 
figure 2*4 ehews Typee l, II and III aoceleration curves with 
the veliMS of soefficisnts of maidmtM secelemtion and maidisiM 
veiecity, !••*• snd uaed in develepingi the modified 



aeseleretieii xepresen 
) atetio of sisoke , 
ills stroke Is uadift ^*4* 


its, the 
(s> to 


MKMnnoOf Ilf its posissfswv 

0 





Cf ) to tlfo 
• liifyt i»#»f k/T w it 
]Mli|MiltnliO of tlM^ 
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trap*ioid«l, tinutoldAi and tinuaaidal inotidii c«w«a 

in tha packaga* ?\>difiad trapazoid gsatip of cutvaa ara 
prafasrad whan a lowar accalaratlon it Impottant or whan 
hi(3diar Cv it daaixabla, which xagtiiraa a cam followax ayatais 
with high fsagumcy of vibration* 

'Vhan a hl^ output torgua la ragulrad, inodifiad tin# 
cuzvai ara prtfarrad| for axampXa, modifiad slna curves can 
ba uaad for indaxing operation s* Sina group of curves art 
arapioyad whan the spaad is high and in tha cast of inauffi- 
slant atiflhiaaa of cam moduiatad llnkaga* 

At tha autsat, tha salactlon of thaaa motion progrttnag 
divalopad in tha package dapanda wainly upan tha nature of the 
operation to ba parfotmad on tha woxfcpiaca* 



35 


CMAPT^R 3 
S3?T.yARK DEVHLOP.^'B^ 

Dgtalis 

Th« prta^nt aoftwar# haa bepn implemtntaci on Morak 
r>ata (Noiwty)*f 32-bit SuptJvMini ZomputeT (i«©*, I'iTuseo/CXA) 
tystam* Tha programs for the package have been written in 
the language ANSI Fortran-77 with Extensions. For graph! e 
diipla^ the T^rictronix 4109 and 4107 colour graphics terminale 
are used, and graphic primitives have been obtained using 
setup (local) commands of Trietronlx. 

The following sections, discuss the details of the 

software, although the package has partial self-documentation 
•V 

features like, meaningful synlMile and comments at suitable 
points. 

The flowchart of the entire software ie ehown in the 
Figure 3.1. The aie^ls and conventions for the flowehart and 
other finer details in developing the software have been 
oKtrseted ttm the leferanees [l0, II, 12, 13] end the NO 
Pertsen Refeiense Mmiuel. Reftiwicee [I4, 15] were esseittial 
In getting fundaMtal Ideas abawt giaphleal psimitivaa Iwple^ 
aiifitatiaii* 

The fHiifiaii gtafli ilt*i dtalaiatlaii ef all para- 
MTlaga^ •«< awntaiiili* nm the 
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subZDUtinaft contairdng the swimary of the paclca^e, symbols 
used and other Infoimations are called. The next module 
calls the User, to input the data pertaining to the work 
dependent and Machine dependent vasiables. In this Tnodule, 
all helpful displays to feed the data are contained. 

■'hen feeding of the data is completed, at r^ode (AH) 
the program displays ths Inputted values of work dependent 
parameters and other informations like the number of cams the 
User wants to design, the number of intervals the User has 
selected and the current type of cam with its number. At 
this stags the User can go for refeeding of the data, option* 
ally. In the next module of the program, the files containing 
the norxislissd values of the displaesment, velocity and accel- 
eration for the motion euxvea are opened for reading using 
computed QD TO as shown in the flowchart. This module begin# 
from the node (AK) and ends at the node (AL) having im nested 
Tki loops. The outer ^ loop is for one to number of intervals 
and ths Iwer loop is for calculating the incremental values 
of all the paremeters for a chosen number of tOt points. Hence 
for every interval, depending upon the motion curve selected, 
the particular data file which contains the normalised values 
of tho displseemsnt volocity and acceleration for tOO inert* 
■ontsl steps (er t01 points) is reed. Then in the inner loop, 
simple eeleuletiens ere ^nt to get the astuidl displascnent, 
veleeity end eesetessUefi* tlws dsing tMs mn hss esiiside^* 
«My le d i i i id the mmrnMim Urn when eenpesed te perfsiMint 
•II iiaptttitliiid ihd mmtMrnB In this ei^ft hr 
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invoking lubroutlnM. This module does all angle calculatioiw# 
calculates and stores the contact points, cam profile coor- 
dinates incremental arm angle, incremental cam angle profile 
radii, incremental pressure angle, and radii of curvature 
and cutter coordinates for the entire cycle of the selected 
cam* 

The next module is from the node (AL) to i\U) where 
the User catt impose optionally, the restrictions on the 
maximum oressure angle and minimum radius of curvature* '*hen 
opted for designing the can within the specified limitations 
mentioned above, the program displays where actually the values 
art imdealzeblt and tails what should be done to correct the 
sane* At this stag# again the program provides option In 
redesigning tha cam by going back to nods (AB) or to continue# 

The next part of tha program contains aorting of all 
maxlimim and mlnliinfn values of the essential parameters which 
axe stored in errayt and finding out scale factors for plot- 
ting all tha curvaa used in the package* 

The next module of the program is the graphical output 
area (tho«iii at dottad eneletuze In tha flowchart) which does 
the following epeseUenst 

• Displaytf the dtaigned c*a profile as per eonven- 
tloiMif on ono aid# of aereen and showe ail now^sssry values 
ef Mslsram snd mlaianaa values ef psfsmtters of interest# 

• Pxovtdes SA wtisnsl dtsplsy ef the mtml vettor, 

IWMI #11 •^ll 
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« Provides an optional display of cutter path- ^fter 
this display, a provision has been kept for the User to opt 

for redesigning* 

- Next display is about the plots of displacement, 
velocity and acceleration against the cam rotation angle, 
with the optional displays of the respective scales* If the 
cam is for turret slide, then the User can recognise the idle 
operations, feed bar stop, indexing and clearing off of the 
tools* 

- Following the above display of the plots, perta-> 
ining to inputted motion parameters, the next display is 
about the output variations of pressure angle and radius of 
curvature, with ootlonally displayed variations of profile 
radius and contact point angle, all being shown against cam 
rotation angls exactly in a slnillar fashion as that of the 
previous one* After displaying the above plots the programs 
can take the wear to the starting node (AB) if desired* 

- Finally in this subsection of the graphical output 
area all the displays right from the beginning are shown one 
after the other and terminates or displays again all of them, 
as per the User’ s option* With the above display, the graph— 

* ical presentation concludes for the considered cam. 

Lastly, the Important output data pertaining to profile 
coordinates, profile radius, pressure angle, radius of curva- 
ture, cutter coordinates against the corresponding cam rota- 
tional angle are written down in a separate file for the 
purpose of enalysls, and maaufaeture ®f the designed cam. 
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Th* program finally raachea th« end, if the currently deel^ed 
cam is being the last one in list, else the cycle of computer 
aided designing starts again* 

3.3 Some Important Algorithms 

'Vhlle implementing the software most of the variable 
names as they appear in the design equations have been reta- 
ined. itowever in this section, only two algorithms for cam 
parameters evaluation (';'MPE^M) and motion program (J’/OTION) 
are given in view of bettt ■ wderstanding of the software# 

The algorithms are written as per the reference [ll]. 

Mgorlthm (CA»< Parameters ’:VAluation): driven 

the angles at the end of each interval slide travel h|^ 

and motion type WTION^ for the flag stations, i such that, 

1 m 1,n, where n represents the number of intervals, the aim 

is to compute the profile cooreHnatet Xj, V^, the presaure 

angle iVj and the radius of curvature fy The suffix j is 

from 1 to 101 as 100 subdivided are choten within an interval# 

For tha ovaluation of that# parwsetara the cam anglt 0^y the 

contact point angle the a» angle 0^^ and the input 

notion parameters dlaplaetmawt Sj, velocity Vj and tccelera- 

tion A# are to bo ooaiputod# For finding out the actual motloci 
J f 

paranotora Sj, and tho noaaallaad motion parasiotoro 


^MosaaUooi notion 
fov wiltf tlio or 


Minors ofn thsoo^^dhoKaso oalonlotiMi 

PsiEiodi oini 00 
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sOj, and AOj ara U8«d. Th« valuas of SOj, VO^ and AO^ ax* 
caleulatad utlng the algorithm ^^TION and ar* atoxed in fil«a 
of unit ntmbtrt wh<»re m ia from 1 to 3.„ 3. b»lng tha numbar 
of motion program data filet used In the software* 

Step 0* Initialise the array and open all data 
files for reading^ 

Step 1* For i-«— 1 to n do step 1+1 

Step *>• []”otion curve selection# using computed 
HT'O Sase i of I ^-31 ••• ••• 

(where U stands for the file unit 
number) 

Step K+1* [Revdnd and read the file J Read the 
normalised values SO| VO and AO for 
?<)TI0N^ (Here S), VO, AO are the array*, 
each containing 101 values) 

Step K+2. [Calculation of Incremental angleal 
If i I* 1 then set IntBe^-<t-P’^^|l 
rntAn^-«- set IntBeg^-^- 

O.Of and IntAngj^ and if (IntBafi^ 
is the interval beginning angle and 
IntAn^ it tha interval angle) 

Step K+3* Set TeBp-+- IntAn^/lOO 
Step K 44 * For j 1 to 10! do *tep j+! 

Step K+9* If j il 1 then • # 45 *! -t 
Tei^t 04 j ** ^ 

Step M 04 $^ Xntitp^ ♦ 0^^ 
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St*p K+7. Set Sj-4-SO^ ♦ h^l 

VD^ ^ 

step iC+S. j^Caiculate 0 ^^, 02^1 and 

02J ®tc»^ (where and 0^^ 
ire first and second d«xi«» 
vatives of 0^^ with respect 
to «!4 j ) 


Step K49. 

[^ 'Jsing contact condition llild 


contact point direction 

Step K4l0, 

f-valuate the profile cooxw 


dlnates Xj and Yj”] 

step IC4l1» 

[calculate pressure angle 

step K4l2* 

[calculate radius of cupee- 


ture 

Step !C413, 

*^tot^ ^tot ^ 

Step K414* 

Set Sjj. -4— s* f 
^tot ^ 


^1/ — ' A* f 

^tot ^ 

^ent J 

Yit 4- V. f 

*^eni ^ 

*«rt • ' 

«kMNby 

Hm K**»* ' •** *• 
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St«p K-4-17* [?as8 parameters] 

Sti(» end do 

Step K4-19* stop 
Step K+20* end 

This algoritlTffn finally contains all the values of essential 
parameters % V, ”, V, ^ and f stored in arrays each of 

dimension K,„tire. 

Mgorlthm ''nTIOMi In this algorithm th® normalised values of 
motion characteristics and are calculated and 

writes them in a data file for the chosen acceleration, velocity 
and displacement characteristicSt 

Step 0, [initialise] ’<-i-0o0 
Step 1. ?or j-^1 to 101 do step J+l 
Step 2. :iet i" j '4-' X/1 00 j 

X X+1 

Step 3. If Tj condition 1 then 

Step 4* Set expression 1| 

vOi expression 2| 

j 

^ expression 3 

Step 5. ’"I** ^ condition 1 swJf 

^ condition 2 thenf 
Set expreislon 4 

AOj a4-expreeel»n 4 

Step WCN. laid if (where KN depends on 
the nissber of condltlent) 
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Step 74KN. 
Step S-fKN* 


Step 

Step io+:cj. 


de 

[^Ooen sequential unlfoimatted filet feap 
writing the value# of SO, VO and KO 
array#3 

[ Rewind the unit and write] 
end 


Interactiv e Feattjrgs and Settina ^Med Passage 

The extensive use of Tektronix local commands has 
helped in providing a better graphical output conmiuni cation to 
the user* There is a dialog buffer facility Incorporated in 
the software, by which the user can go back and see the out- 
putted messages and the inputted datas anywhere during execu- 
tion, using the Joy disc control* The package has, at swne 
esssntisl points in the program, the facility of transferxlng 
the control to the starting point for redesigning* These 
return controls are indicated clearly in the Figure 3*1* Below 
are enlisted, a brief description about the Userwfrlendly 
interaction messages and other displays, in the order of their 
occurrence during execution* These enlisted displsys are 
pertsinlng toi 

- the generel information about the package* 

- the essential variable and conatmt names used* 

- the type of «aa awdulsted linkage used* Figures 3*S« 3»3 
and 3*4 shew the photographs of these displays* The 
ehjectiwe ef these displays are to enable the User, to food 
MMhIiie Dependsiit data* Xt oleo oaks the Uaer to feed the 
total mm madNuro to be waed*. 
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Fig. 3.2 Photograph Showing the Display of Turret Cam 
A'odulated Linkage 



Fig. 3.3 Photograph Showing the Display of Front Slide Cam 
' J^fodulated Linkage 




Fig. 3.4 


Photograph Showing the Display of Rear Slide Cam 
f.'odulated Linkaae 
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» th» Inputting of tho woik dopondent data* Thi« section 
starts asking the user all the details pertaining to the 
work depeandent data like the number of intervals chosen, 
the t^e of motion curve needed or the type of operation 
to be performed, tnp slide travel in nans relating to Fdse* 
Fall and Dwell and the cam angle at the end of each interval 
or operation. In order to feed the type of motion curve 
for the working operations and the idle operations, the 
display of the motion table with code number is given, frow 
which the User is reouired to pick code number and type* 
During the above feeding of the wrk dependent data, at 
each interval the current status will be indicated* 

Figure 3*5 shows the photograph of one such displays* 

• the fed work dependent Inputs in a tabular form, wherein 
the user can go back for refeeding of the data in case of 
typing errors. Figure 3*6 shows the photograph of one 
such displays. 

After the feeding of the data is completed, then the output 
displays are screened one by one as per the user’s options, 
which are explained clearly while discussing the flovrehart in 
the last section. During dlsplsylng the cam designed, the 
Normsl vector, the Force vector and the Pressure angle which 
are optionally displayed at any point on the profile, seem te 
be very small do# to the screen restriction* This cwt be 
eve reom e by doing ’loosilng’ and 'penning* operation by going 
into the Men*# Similariy in the case of rediue of eurveture 
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Fig. 3.5 


Photograph Showing the Display of Motion Code Tabl 
v/ith Indication of Status at Every Interval 



Fig. 3.6 Photograph Showing the Display of a Sample v/ork 
Dependent Input Data 
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SS347 

? j^iO 

di Splay* y-$cale raagnifi cation can be obtained by using control 
rooming operation. In all the graphical displays meaningful 
colour matching and combinations are done to avoid confusions* 
The following chapter ray give a still better understanding 
about the nature of the outnuts displayed by the package. 
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CKWPTIR 4 

RSStETS /m DISCUSSIONS 

Th« pvmttf paakag* m$ t&T it 

ii«nb«3r of •x«iiipl#s and th« x»tuits obtainad axti fataid to bo 
flawlott* This eaii b« atixlbutad ataioly to tbo aorow thooxotlo 
and diffocantial 9 oo»otoy appsoaobos uaod for tbo ovaXuation 
of profiXo eoordlfiatoo and radii of ourratoro xoapaotiir^y* 

Tbo radii of ouxvatnza rooiiXta idioii ooxifiod for dooXl| art 
fomd to bo oxaat upto tho fourtli doeinaX pXaoo* Hawooor it 
abouXd bo notod that during tho idXo atsokoa of indoxing and 
oXoaxing off oporationa^ it ia aaaiaiod that tho oao foXXonor 
am oiXX bo Xiftod by aono othor noohaniao and in tho pzotoaa 
tho oan rataioa* 

In tho provioiia «haptor« a bxlof doaoriptioii about 
tho folding of tho data and aaaio iXXoattatiiro phitographa of 
tho toiadnaX diapXaya ooro dlaouaaod* In thia aootion« naiiiXy 
tho xoiolta portaining to tho typioai ooiicpioooo foiaid in tho 
xofotanooi [t] and £4] hooo boon llXiiOttotod Mid anaXyood* 

Tho Appondift I ia nothing but tho tan loyoot ahoot of tho 
oonaidoxid oiianpXo tiitan fion tho xofoxonoo {9J« AXoo it ia 
for thio portiouXor onanpXOt tho iXXiMtxotioaa« portaining ta 
iiMuttlog of tho dteta lntomotloid.y» hoa boon 'diaoitaaod in 

UNI piiWIfUl 4|pt]lli|lf| OKkf f0w UQLS 41 WmtHtV mt 

wPIBftiliyk flKiipyll4iyV RBol ONNIA JTIRiXliyi WftpCi# PPI* WH ®(Np©WB vWMN^Jtwf^ 
UKin fWMi mt siBrmNMiMi ji mt Qa.a|iiiiyi 

m WmmmWm iPHii mmm piPPMVIlWii# 
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Talcing tilt fim axaaipia* it ia vary alaar ttm tha 
9m iayaut ahaat thra# aaaa hava baan uiad far pradaaing thia 
w»xlcpiaea* Oanaiaariiig liratp tha iaad (tairat) aaag tha 
vaitiaa af tha aaahina iSm^tati^ant pataaatara fad a«a at par 
tha Pigara 3«2c During faadiiig af tha data^ tha pa^aga 
pravidad all peaaihla intazaationa indiaating tha atatua at 
avary iiitarval« Figuxa M ahowa a part af ana auah intarao*. 
tian* Tha diaplay af tha final nark dapandant Input tahla la 
glvan in tha Figura 3»d« Than tha paidcaga takaa aasa af 
zaatrietiaiia inpaaad on psaaaura angla and n^ua af auzvatura 
optionally* At thia ataga ttia paakaga indiaataa tha atatua 
af thaaa tM» inpartant paxanatara* In taaot tha valuaa go out 
of tha nay« tha paakaga psavidaa in a t^la tha axaaading 
valuaa* thair tana af aaaurxwitaa ata** uith tha tlaar tugg^ 
aationa* xagaxdiRg tha kind of naaauiaa to bo anplayad in 
ardor to aantain than ad thin tho aanatiainta Inpaaad* Ona auah 
avant during daaigning af tha aanaidtrad axwla ia aham in 
tha Figura 4*U 

Aftar ludaaignljig* tha dlinaay af tha mm aa par 
aanvantiana fallawad and ia ahaun in tha Fhotagraph 4»t* Tha 
paakaga in thia diih^ay data tha fallawinf aaaantial fanationa 
far battar viauiliaatian af an autawat aan* 

w HiipyiMi xVNKiiit difit fiw tiixisut^ 

pWSJIli IVV IWilViriQ 4llkini91ifMI9« 

«> HMMI ^ apaiatlan taiiaa throu#i angidar partitiona md 


' p r t -‘ ; tv n t e ci by . I' "i j \ ' 

tme pressure angle ualues are 

OUT OF THE LIMITING l^LUE 

THE RADIUS OF CURUATURE LWLUES ARE 
OUT OF THE LIMITING VALUE 
rCTE DOLli THE INTERUEL NOs.lHERE THE VALUES 
^E CROSSING THE LIMITS, ArC DO THE FALLOUING, 
IN ORDER TO OL€RCOME THE SArt . 

- INCREASE THE, CONCERNED INTERk^L PERIODS BY 
DECREASING THE IDLE PERIODS ON EITHER SIDE 
OF THEM OR IN THE DHOLE CYCLE. 

- REPLACE THE MISMATCHING MOTION CURi.C COMBI- 
NATIONS, UHO PRODUCE SUDDEN VARIATIONS IN 
ACCELARATION ,SUCH AS TYPE . 2*TYPE . 1 OR 
TYPE.3*TYPE.1 UITH THE COMBINATIONS OF SAME 
SArE CATEGORY OF CURVES , IF FEASIBLE. 

REFER THE DORK DEPENDENT INPUT DATA TABLE 
DHICH IS DISPLAYED AT PRESENT 

- IF POSSIBLE, ADJUST CAM MODULATED LINKAGE 
PARAt*tTERS. 

^AUSE NOD DISPLAYS THE TABLE 


lid. \iO. 


AM'jL E f -KEC.':>Ut- L Hfn: E 


.-4eE*02 

.42£*6e 


Fig, 4o1 


Photograph Showing the Display of 
Imposing Restrictions on 1' and P 


Interactions 


’Vhil^ 



Fig^ 4.2 


Photograph Showing the Display of Turret Cam Profile 
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It notnts aiKi gmdiiattt th# scalta in X and V disadiinnt for 
tho MoxIaraM pxofilo xodlit* oifeio* 

•» dltplifi tho mniAwm orCofid) nliiiintt iroloot of all tho 
ioftostant i»asaaiotoro« 

« pxooidot tho ofitional dliy»iay of tho utoaatixo an^lo, 
noniial voctor and forco vootor at any point on tho eaoi 
aurfaeo* Tho valuoo of tho proattiso anglo at thooo 
opti(mai inputtod oan pointt aro ahoon in tho diaiogtio 

aroa* 

and pxooidoa tho optional diaplay of tho oiittor path for 
any input onttor radino Cad thin tho iinltationa of gxaphia 

oijnrat/# 

Figufo 4«S dopiati tho oan ddaplay for tho oonaidozod 09nai4dl#i 
oithont tho etftior path* Pigtiro 4»3 giyoa tho oagnifiod 
CsooHod) oioa of tho noznal oa«tor« fort# roator and psoaauxo 
anglo at omo aolaatiooly fad pointt* Figaro 4*4 ahooa tho 
auttor path for tho optionally aalaatod aattar rodiaa* 

Noat display ia ahoat tha iapattad notiofi oawat of 
dtipla taia ai i tt v^aaity and ataalaiati^ adth optianal iadiaa* 
tiofk of tho oagnitiidoa of thoir atalta* Tho aaaliig of tho 
idlo oposationa it titt proviM in thit display* 

Figaro 4«i thtat tho photogr^ of tho ditpiay ohtOi*^ 
ifiod itt tho MiuddOfOd ompIo* itadiariy Figaro 4«d thooo 
tho ploti of pfotta ro Migio# raddat of aarvataio and pxofilo 
la^at of tho ^otaotod ta ia tpl o* Xn thia ditpiay^ optlanally 
ioo mm Imm ahoat tha variation of owatatt point angla an tho 




Fig. 4.3 


Photograph Showing the Zoomed View of Normal Vector, 
Pressure Angle and Force Vector 



Fig* 4.4 Photograph Showing the Display of Turret Cam with 
Ciittef Path ’ 
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Fig. 4.5 Photograph Shonang the Display of Input Motion Curve 
Plots S, V, A vs. 0^ for the Turret Cam Design 



Fig. 4«6 f^hotograph Shorn ng the Display of the ^'^lots of 
iiiy.- : ,i f » ^ vs. 0^ for the Turret Cam Design 




stirfa«« 9 t th# foilowar uailat by fatting tb* pint o# contant 
angla* In tlit ladlut af attxvatuxa plat« baninaa af ita haga 
magnittKia maat af tba iraxiatiant appaar ta aaaitx at ttia 
rafaxanta x^aitla* Ta a alaax Idaa af tha aaaa# eantxol 
saaiXlag baa baan paxfaxaad, ta gat ttia »a^fiaati«ri af tba 
aaaa aiang VWaida aa iliuatxatai in tha Piguxa 4«7* 

With tha abava diaplaya^ tha aiitpnta far tha tusarat 
aan af tha aanaidarad ia aaar* Aftar thia tha uaar 

ean gat batk all tha dl^ilaya aatpiittact aa far» any mnbar af 
tiaaa, by aiaply praaalng tha xatiim kay* Aftar thia aaati^t 
all tha valiiaa af Inpartwit paraaatara lika awttar aaaz^iiataa« 
xadlua af aamtura* praaaara angla« pwflla radiaa aiwl cuttar 
aaaxWinataa aia atartad In a tabular fain againat tha «m 
ratatlaii angla* 

Aftar tWla tha ayala af daaignlng af tha nmet *m 

atarta* 

Tha naxt aan ahaaan far daai^iing in thia aaaapla ia 
far tha frant araaa alida. Tha tandnal aatpata abtainacl in 
thia aaaa ara aa fallaaai 

• Plgitxa %3 ahawa tha inpnttad Miahina dapandant para# 

iMwm# 

- nmf 4m9 dapiata tha nawdt dapandaat iaput data* 

#> figiixa 4»9 ahana tha aan praflla* 

• Pifasa 4*lt mmmrn S» v* a antian awa Plata* 

• and flgm 4«fl mm tha mmmmMMV Plata af y « p 
and h fat tha aanaldarai ananpla* 




Fic(. 4.7 Photograph Shov\/ing the Zoomed View of Radius of 
Curvature Variation 



Fig. 4.8 Photograph Showing the Display of '-'/ork Dependent 



Fig. 4,9 Photograph Showing the Display of Front Slide Cam 
Profile 



Fig. 4.10 Photograph Showing the Input Motion Curve Plots 
S, V, A. vs. 0 for the Front Slide Cam Design 
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Fiitaliyt th« pmcmn of Intosmotiro of tho 

xmttv tiido ean foilovn* For ttdo 90 m only tho dlsplayt p«rt&» 
iniA 9 to »«ehiito doi»«it^iit data, tho mxk diopmdmt 

inpiit data «»cl tho em ax* px 0 *ld*d« Figiixas 3*4, 4*12 and 
4*f3 thaw th* aba** diaplay* in oxdax* 

tini naiit axanpia 1* about a typioal mfkpioom pxoditoad 
Ofi an autoinatta iorm wachln* of Brown and Sharp* Company [4]* 
Th* diaplay* of tti* maohiii* dopandant input, th* worie dopondant 
input, th* oam and tho output paxamator plot* (of f , P and 
obtain*d for th* dotlgn of tuxrot motion ar* only proaontod in 
ttdLa aootion* Fiouraa 4#I4, 4*tb, 4*10 and 4*|7 oorroapond 
to th* aboo* diaplaya* 

With tim illuatratiofi of tho abov* di^laya for tho 
oonaidoxod •xanploa, it la oofy altar that any tan dtaignod 
uaino tma paiftafo for alnolo ^ndlo automatia naoMnaa in 
oonoxai util b* oaatploto In all x*apoata« 
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Fig. 4.11 


Photograph Showing the Display of the Plots of 
, P , R vs. 0^ for the Front Slide Cam Design 
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Fig. 4.12 


Photograph 
Input Data 


Showing the Display of ','Vork 
of Rear Slide Cam Design 


Dependent 



Fig. 4.13 Photograph Showing the Display of Rear Slide Cam 
Profile 




Fig. 4.14 


Photograph Showing the Display of Machine Dependent 
Data for the Turret Cam Design of Example 2 



Fig. 4.15 Photograph Showing the Display of Work Dependent 
Input Data for Turret Cam Design of Example 2 




Fig* 4*16 Photograph ShoVvlng the Display of Turret Cam 
Profile of Example 2 



Fig. 4.17 Photograph Showing the Display of the Plots of 

^4 Turret Cam Design of 

, , , _ . Hxaipvple'"^ 



CHAPTER 5 


oo 


SUMMAft/ 


An intnxaetivn paeieag# foz^ mink dnpvndtnt 

OMt for iinglo tpindlo ootomots hit boon doooiopod oitd onil-* 
yiod« 

Tho pidlta^o tilEoo tho otoontioi Inputs in tho foiai of 
lioak indopofidont dato nhioh oontioto of om nodulotod llidcogo 
poronotoro and tho mik dopondont doto fxm tho om layout 
shoot* Tho oposotioR dopondont noUon euzooa utod in tho 
pa^ago ato dovolopod opooifloaUy for doaigning oaMO for 
autosait at thoy art botng aoooptod imiooraaliy and axo found 
to bo noxo utofui than any othor tzigononotxio ounroo or 
peiynowioai ouxvot In tho roiovant fioid* Tho idoa of ualng 
tho nosnaiiood valuoa of notion ounrot hat nado tho oonputa** 
tlon and oonpaxioon tinoa to a baxo adninun* 

Tho xoaolta tlwa obtainod art highly aoourato fxmi 
tho nanofaoturing aapoota alao* It it found that by lto*o*» 
tivo doaigiilng prooodoro adoptod in tho pa^agot tho pi ato 
0000 liar nay oonpiiaatad andiptoooa ooadd bo obtatnod oory 
goiafcly and oootnratoly to tiMi xogoixonoiito of tho tan layout 
•hoot* 

tho pfooonUf dioolopod paokago gliroo tho oan dloplay 
•ttiotSy 00- pm tho oowoonUwio IbUonod in tho induatiioo and 
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givtf d»tail«d infosmatl^ms «bo^ ail tha lispartint paramataxrt 
inelQdiii9 aoosdinatas* 

In avasaii, tha f^saaantly davaiapad «ath»d nay find a 
piaca in tha praaant day indtiatzias wharaln tha fvacpiant ehanga 
in waxtplaaa daai^n asa axpaxianaad* 

s<^i»a t Pi igthaa? Myk 

Tha aubjaat of datlgning and nannfaatufa of aana for 
autonatla naohiiiaa aaaantialiy invaXva thraa baaie at^a aa 
foilawas 

( t ) If tha dataiiad draidn? of a aonpoiimt to ha »anafae«» 

tnxad in m Autonatia naehina ia glvan, than tha firat 
«td foranaat atap ia to output a aan layout ahaat (i«a»t 
aenhinad tool layout and oparatiait wort ahaat)* Thia 
task racruiraa a two way aonnnaiieatlon of ^raphieal 
infamatian* Aiaa thla ataga ahatild contain all paaa<» 
ihla tanaral aaplziaal ftlatiana to daaida about tha 
naeaaaary can thsawag tau intazyal anglaa* cutting 
apaada and faada* tha tool# ta ha uaady tha ahan^a of 
aaara ta ha aaplayad« adiiUiua and naidaraBi pxolilt 
tadli of tha aan ta ha uaad, tha nadiina dapandant data 
to ha datidad at«« 

($) Tha nant atafa» aftar poaaaaaiiit a aan layout chaatt 
ia ta daidfn tha aiiii intataatiuaiy and ta fulfii« all 
tha iMMufaatuxiiia foandvwHaita* 

($) tha ftnal atafa« tha^ nat an aaaantial aiia» ia baaa«» 
ainf a namitty for tha pi^aaant day Induatiiaa* 
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Aft«r •x««utin 9 | th# tteond titp cbQY«t •oftwnz* 

t9T aytoiiatie {nz^duetlCMfi df pimehad t«ptt am to ba 
daviaaiS for tha oontxol of tHa noRiazloaily oontiol lad 
nillifig maoblnai titad for omi pxodttotion* 

Otit of tha abava thxaa toi^dot, tha pratant aarfc finda 
lit plaoa in tha aaooiid ofia« Howavar thara it lot of soopa 
for furthar xaaaaxch In all thata thraa toplot« at tha pxaaant 
woxfc dtait about tim ean dati^ for ain^la tpindla aotoatatlo 
aaehinaa only* thara it a ^raatar naad for aominitar aidad 
daai^n md aanufaattixin^ of thraa diaanaional^ aa mall at 
tMo^idisaaiional aant’, wtiloh nay ba work dapandant or aaslt 
indapandafit far autonatie naatiinaa in ganaral^ wtiioh ineltidt 
iingla and »tilti*apiftdla aatagory* 
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AN EXAMPLE OF TYPICAL CAM LAYOUT SHEET 



FIG. I TOOL LAYOUT 



Tu»'re! 


TABLE- 1 

OPERATION WORK SHEET 


MaUr'ial brass rod ^0 DiN ^756 Ms 50 


Turn in 


3000 




Spindle^ 
rev min ' 


Cuttin(j speed, 
m m*ir\ ' 


ofrevolutions required for orte coni^>OT>ent 7A6 


Cycle tfme in 5 15 


Revolutions of Hundredth of cQ^r^- 
work tpindle profile 


Operotjons 


fc ^ a 

a. 3 


^ I E V ^ ? E 

v>>; kJi •“.o k. 

.5 5 . O Cl O 

ircJ Ll.o Ho u-ou- 


LJ 

^ From To 


mmmmmm mmmmmmm 

|| g|j|j|il^f3BEBS8nSC5SBiB3EElBF^ 


157 I 157 


3 Knurling 


for word 
return 


IKnHMBKHjiliBl 


Through driJiinq and chamferm 


Turret indexin 


SlEKtcrnolIhreod 


IKfiHBinEiBHBBI 


6 tnternol fhread 


1 0 


Front 

cross- slide 


Toppin 
Run pt 


Form cutting 


12 


12 0.6 


17 


28 I 28 




0.025 

100 

0 075 

60 

0.1 

10 


67 -71 


75 5 

78 

76 

82 


iHsa 


Spare revolutions after port-off 


Revolutions. per component • = 746 


54 67 


97 100 


Cycle time -. 
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Apmmm u 

tcmimm of motioh cuwes 


Thif iipiitfidix eoniiiiit th« stotldtt sttxv# 
fox xii« of ail eatagoxiaa tttai in th« pacicaf#* Fox 
obtaining ilia fail auxvaa tinpia idmx inaoa txwiifaamatlana 
alii tttffiea (Figuxaa llOg lib^ Ha and lid)* 

Fax ail tha matloik aaxaa piata tha faiiaalna aanaxai 
nalatiana baaa baaii aaitaiadt 

a t tha inexanantai angla 
^ t tha total intawal mtfla 
T t tha fttla 

and h t tha atx^a ianath« 

Tha aanatlana af natlaii aitxata faxi 


(a) Madifiad Otaiatant Vaiaalty f^aa (JCVR) axat 
Fax tha intaxaai 

$ m h |V ♦ -t iMlnCTV'f ^ t h| 


V 

A 


^ ^ * aaat^ ) ^ 
% j itninr 


L^f 


i^x tha Intaiaal 

S m at* Ch|/^|)('Y» 

A ■# ' § 
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F«r th« inttsvfti ^ I 

S » h j^li^ ♦ hg 4 h^CY 4 ji ilftfxt )) 

V » ^ c»*(7rr))^ 

k m |C 7 r* ^nCTTfl)] 

wh»jet, th* ^Mlvm »f h^t hg# hg ««* ^Bg aw datafininatf 

hf applying tha batndary eamlitiaiii at th* polnta 2 an4 

3» Thi&t valiiat fas imlty fiaa (ittPy li « 1) ax» at fallawat 

» e*| •» 0*1739130 

hg, m 0*i5 Wd ^2 * 0*7391304 

hg » 0*00 Pg » o* 08 m«a 

(b) MNO^Iitd Taapaialflil Blaa Typt I (MTH 1) awt 

4 

Fat tlia latasyal o 1/8 

S • 0#097S4612 ♦ ll|4-f -.-^•i8(47ff ^ 

V • 0*3889048 ♦ H/^j^l • aaa(47nr)] 

A • 4*888124 • h/^ [•lttC4-nf)'] 

Fat th# intaiaal l/l 3/8 

S » #^44404184 ♦ 0*iK8l030f7nr 4 0*00723407] 

V • h/^ [atSWUtai *» o*3880845 aaa(47rf 
A • h/^^ j4*888m ai8(47Pr •■r)] 

Fit tiMi Itttwal ^ 1/8 

i f» [fi01!0li4T# 0*0300844 rtlil(47rf** ITT)* 
OttSOOiOFin 
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V - h/p|^,.6,io.54 . 0.3W«« eo.(-rT.-r- 2ir)] 

A • -* [4*8^tt4 tlR(47^r* sm)] 

F®» tht S/SS 7/8 

S «i M4#8680717Y • 2#444<^!84'f® • 1*2272848) 

V •• h/p, [(4*8860717 • 4*888124 t] 

A mm 4«8^!24 h/^ 

F«r iht initxvil. 7/8 ^ 1 

S « ll[o*6t torn 4 6.38878461' ♦ 0.0307S44 i4ll(4T^^* Stt^ 

V • h/p^[0*388746 4 0*3887846 fitsCAtvY* SIT)] 

A i» 4*888124 ^n(4TTY** 3rr)] 

(8) M»41^«4 T«*|»0t4i4«i Hit# Tysi# XX (ICTH 2) txtt 
P#» tilt lfit#iv#l 0^Y ^ 3!/8 

8 • ll(2*02379Y*) 

^ m h/p (4*04TtY> 

A • (4.0477) 

Ft# til# llit#iV«l $/$ ^ t/2 

3 « 8 [1.M77686Y - 0.0WI66 * iliiC47tY**7r) 

** 0.28698I4] 

V m [^l.ilTTilft Y f» 0«iS8lf6 #WlC47tY**'K )I| 

A m li/^* [4*847f f] 

fm i/i iMi 

f f ||Q*illHWIItY# 

A** i 



V » h/^ 1^1*5180009 + 0.32212lCOS(4-7r*V- 2T)] 

A [4.0479 sln(4iTY- 2T\ri 

For tho interval 5/^ 1 

S » h [4*0479 - 2*02395 • 1.02394833 

V « h/^ [4.0479(1 
A = - h/g,^(4.0479) 

(d) Modified Trapezoidal Rise Type III (MTR 3) are* 
For the interval 0 1/8 

S » h jo.3727847Y - 0.02966552 8in(47rr)] 

V « 0.3727847 h/^[l • C08(^^ 

A m 4.684556 h/^^jsin (4 ttT)[] 

For the interval 1/8 ^ 3/8 

S « h [2. 342275 Y^- 0.21 27848 Y + 0*0069329] 

V « h/^[ 4.684556 Y • 0.2127848] 

A » 4*684556 h/p 

For the interval 3/8 Y ^ 1/2 

S • h [1 .5439237 Y*. 0.0296652 8iii(4^*-7r ) • 
0.2927846] 

V » t|/j^ [^1. 5439237 0#372785t COt(4AY-?r)] 

For the iiita^al f/t^Y ^ 5/8 
■•SO' , % Y ♦ 9,0266446 «t»(4AY* 2Ti) • 
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V m [j*58t85T3 4 m$(4rrf » STT)] 

A m m 4*30786 |ain(4iV'f** 2iOl 

For iht iitioml 5/8 ^ t 

S • h [4*2078681 Y * 2*f0393Y^ *► f *1067556, 

V •* h/^ [4*2078681(1 -'f)] 

A m ^ 4*2078681 

(•) B^41flo6 SillO MiO TyiMI I (1^8 1) osot 
F6r tho intofvol 0 Y ^ 1/8 

S • li [o» 43987Y * 0.03506 slii(47rf)] 

V •• [0.43987(1 • (s#*C47rf)^ 

A « 5*52794 »in(4nV 

P#» tilt inttsviil 1/8 ^ Y ^ T/i 

$ m h [0*28605 4 0*43989 Y ** 0*315058 «Ot(^* 'I)] 

V m fc/jj, [o»43909 4 1 *31967 

A •» H/p? [8*83794 «ttC%^ •'§)'] 

fOt Vm tiittiwil 7/8 ^Y <1 

S • 8[o*8601 4 0*43989Y • 0*035014 ttftCOTrttY • 1)>] 
y • l|/(fe 0*4f9W[^1 •i0(9f7TttY • I))] 

A • \%sfm otuCtivttY • in'] 

Cf} rnmim mm Hm.fm u imm 9 ) mm$ 

Rmo ttliyi HT ll JUft ' 
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S » J?*$389Y^ h 

V •• 4*477 h/p 
A » 4*477 h/^ 

th« !/8 ^ -f 7/8 

S • h [^0.2201875 + 0*5996^T • 0*2&5fS81 

V K [o*559625 + t*068809 8iii(|^ 

A ■ h/f3? [4*477 cot{|j^^ 

Ptr th# iiit*ml 7/8 ^ ! 

s » H [4*477 r • 2* 2389 Y® ^ 1*238988] 

V » [4*477(1 -Y)] 

A •» m 4^m 

(f) «A»8lfl«8 Sill* Hit# T|pi 2IX (MS8 3) «f»l 
tht 0 1/8 

S « 8 £8*4298832 ** 0*0338919 ttuCoxt)] 

V' • li/^ £0.49298832 (1 • ««lt(47rr)>] 

4 m Ik/ ^ £9«3!410ri h/^ •illC47rf)] 

8*2 tilt $/$ ^ 1/t 

8 • 8 £8*41908181^ « 0«38988f8 48iC|p'^ ^ 0*9i9M7] 

V • 4 I ♦'I)] 
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til# 1/2 ^ T/8 

S m H [0*68t42?tT* 2*2«50f81 4 0,iia99432] 

V • l|/^ 1^0*8813926 4 f •1101087 •in(4^-'^)] 

A at 4*05 

Ht til# ifittml 7/8 ^ 1 

8 « II [4.68 T* 2*328 

V • ll/|i [4*65(1 -T )] 
h » m 4*65 N/|^ 

(k) S&a# m## Ty## I {SZ8 1) •v»t 
S . Il[r- (1/27^) fiftCaTTr^ 

V m [j •• «#f(5r7rr)[j 

A • 6*a83f852 iiliCSTVf) 

(i) SI## Bit# TlVNI II (SXH 2) «I»t 
Pi# til# iiit#x#ttl # ^ 1/4 

( 

»_ • ll 

V ii 4*1988 M|b ^ 

A 4*1988 fc/ja? 

ii# .til# tiittfifil ',1/4 ^ V4 

S • h 8«t«435«8 iliCtTrO** 8*8l»71t~ 

V • [i«#4ffi'f ^^mmm ##i(iTrri] 

A • 
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F«r ih» intfffval 3/4 ^ 1 

S m h[4,19e8f • 2.0W‘f^ .*» 1*09026771 

V • M|a [4*1988(1 •'f )1 
k m m 4#!W8 

(J) Sim Rift Typa nx (sir 3) atti 
Par th# intawal 0 ^ ^ 1/2 

$ W ll [0.9241 289 “f • 0.1534486 tiR(2Mj] 

V • Mja, [0«92412B9Cl • «oi(2n-i))l 

A • (5.8064735 tlnCOT-f)! 

M 9Iri inUtml 1/2^ "f ^ 3/9 

$ m [^1.1293176 i" * 0*1144236 tinCOT^) * 0*l0»944l 

V » l|/|b (1.1293176 • 0.7109402 «0»(2irr)] 

A • [4.817235 ^ •laCaiV'fJ 

ft tilt iataswal 3/6 3 

S « 5 [4.517235 "f * 2.2866175 "t* • 1. 36685941 

V » ll/js [4.517238(1 
A • 4. 4.517235 5/j^ 




FIG. 11a MODIFIED CONSTANT VELOCITY {Rise & Fall) 
MOTION CURVES 
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FIG. lid SINE (rise & FALL) MOTION CURVES 
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APPBfJOIX III 

CAW CURVATURE BSFINITION THROtJQH DlPFSRemAt 
GEOWHTfW' APPROACH [11 


OmAOtt a earn aaifaeag^, 9tyan by ) 

m th« df th« th«i 

^ fiieti! attd ih« «fi th« titirfag* ax« gat aiwt 

tinilasly k««fxl(ig 0 flxad and vairyiiigSi 
atwfaaifcittlai art tbtalfitd* Tiit tltMtntal ttttort 

an ^*1"^ m4 R m art rtaptcilttly tangaiitlal t» tht 
# widS^iiAtif and lit on tlit tangant plant at P tf anafant^#* 
tot # bt a nnlt ntxiaal vtattk at tM point P« Tliafit tho 
nonml «oztatiiro3C,i to tha aarfatt at P it giviii by 


X • I A^l±.ZMrM 

** Bd!r® 42 P<*»*dS+a<l«^ 


(m*f) 


ttm nnaorator of tbo (XXX«I) ia knoMi at tha ttoond gnadtatio 
font and ^ dononaniatot la tbo ^rtt nnadrotio fom* Vm 
aooffiiiintt of thoa# ooadnttia foma aao glimn at 

I, H! * O^ * 

M m 

K <^(1 i 

f m • Rg 

f •> % « ' R§ 
ini d m • % ' 
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Fi^ux* 111 tlidirs tiHi illti«tx*ii«ii «f tti« tyaiMt a«$opi«d fax 
tha liiaeuaaad >«pftiintitiofi«* 
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FIG. Ill 


SURFACE REPRESENTATION 










